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IMPLANTABLE OR INTERTABLE MEDICAL DEVICES FOR 
CONTROLLED DRUG DELIVERY 

RELATED APPLICATION DATA 

[9001] This patent application is a eontmuation-m-part of U.S. Serial No. 10/209,476 
filed July 3 1 , 2002 nod entitled "CONTROLLED DRUG DELIVERY,'' the disclosure of 
which is incorporated by reference, 

|0002] Tb is patent application is also a continuation-in-part of U.S. Serial No. 
10/07 1 ,840 filed February 8, 2002 and entitled "IMPLANTABLE OR INTERTABLE 
MEDICAL DEVICE RESISTANT TO MICROBIAL GROWTH AND BIOFILM 
FORMATION," the disclosure of which is incorporated by reference. 

TECHNICAL FIELD 

[0003} This invention generally relates to medical devices, and mom particularly to 
implantable or msertabte medical devices and methods for their manufacture, 

BACKGROUND INFORMATION 

(0004] Numerous medical devices have been developed for the delivery of 
therapeutic agents to the body, Irt accordance with some delivery strategies, a therapeutic 
agent is provided within a polymeric matrix that is associated with an implantable or 
insertable medical device. Once the medical device is placed at the desired location 
within a patient, the therapeutic agent is released from the polymeric matrix. 
[0005} Various techniques, including thermoplastic processing techniques, have been 
used for fix i ■ tu i B lical d ices fort e sry of therapeutic agents to- the 
body. However, many therapeutic agents are unstable under the processing conditions 
associated with such techniques. Accordingly, there is a continuing need for processing 
techniques th t in substani il degradation of the therapeutic agents, 

particularly those having low stability. 

(0006} Numerous medical devices have also been developed for implantation or 
insertion into patients, which do not necessarily csntain a therapeutic agent, 
Unforiunafeth, i J i 1 medical devices are common! sso iate i wife some degree of 
patient discomfort or pain after being positioned within the patient. As a specific 
I 
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exaiuple s EVA baaed ureteral stents are widely used to facilitate drainage in the upper 
urinary tract (e.g., from the kidney to the bladder), for example, following urcteroscopy, 
ejulourerotomies, and endopyeioiomy for ureteral strictures, as well as in other instances 
where ureteral obstruction may occur. However, such steals are typically associated with 
pain and discomfort in the bladder and flank area after insertion. At present, one way by 
which pain and discomfort are minimized is to orally administer drugs to foe. patient To 
date the moat commonly prescribed oral drugs are opioid analgesia, which are controlled 
substances and have the potential for abuse by patients. 

SUMMARY OF THE INVENTION 

[0007] According to one aspect of die present invention, implantable or insertable 
medical devices are provided, which comprise: (a) a biocompatible polymer; and (b) at 
least one therapeutic agent selected from an anfr-mflammatory agent, an analgesic agent, 
an anesthetic agent, and an antispasmodic agent. The medical devices are adapted for 
implantation or insertion at sites associated with pain or discomfort upon implantation or 
insertion. 

[0008] In many embodiments, the therapeutic agent will be selected from at least one 
of (i) ketorolac and pharmaceutically acceptable salts thereof (e.g. , ketorolac 
tometharaine) and (ii) 4-dicfeylandno-2-butynylphenyleyclohex;yiglycolate and 
pharmaceutically acceptable salts thereof (e.g.. oxybulynin chloride). 
[0009J The medical device may also contain one or more optional agents, including 
one or moreradio-opacifying agents such as bismuth subcarbonate (e.g., to enhance 
visibility), and one or snore antimicrobial agents such as triclosan (e.g., to reduce 
microbial buildup along the device). 

[0010} The implantable or insertable medical devices of the present invention can be 
provided with a variety of release profiles. For instance, a cumulative therapeutic agent 
release selected from 5%, 1 0%, 15%, 20% 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 
95%, and 99%, relative to the total therapeutic agent in the device, can be obtained after 
implantation or insertion for a period selected from 1 day, 2 days, 4 days, 1 week, 2 
weeks, I month, 2 months, 4 months, 1 year and 2 years. 

[0011] A variety of Moeompatjbie polymers can be used in the medical devices of 
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the present invention. For example, biocompatible polymers can be selected from 
polyether block amides, thermoplastic polyurethanes, etfaylene-vmyl acetates, and/or 
pol v ctenai iei j j< t .thets 

10012] In accordance with many embodiments of the present invention, the medical 
devices will comprise one or more polymeric matrix regions cm ! following: 

(a) one or more biocompatible polymers, (b) one or more merapeutb agents, (c) one or 
more optional radio-opaeifyfcg agents, and/or (d) one or more optional antimicrobial 
agents. 

100131 For example, in one embodiment, the medical device comprises a polymeric 
matrix region comprising biocompatible polymer, therapeutic agent and radio-opacitying 
agent m another embodiment, medical device comprises (a) a first polymeric matrix 
region comprising a first biocompatible polymer and a therapeutic agent, and (b) a second 
polymer matrix region comprising a second biocompatible polymer and a radio- 
opacifying agent; the first and second biocompatible polymers may be the same or 
different. 

[0014] In addition to one or more matrix regions, the medical devices can include 
various other regions, for example, hydrogel layers and/or barrier layers. 
19015] Other aspects of the present invention are directed to uses for the implantable 
or insertable medical devices disclosed herein. In general, these uses comprise reducing 
me pain or discomfort accompanying the implantation or insertion of such devices. 
Further uses may comprise, for example, reducing microbial buildup aiong the device. 
fO016] Still other aspects of the present invention concern methods for 
manufacturing the implantable or insertabls medical devices disclosed herein. 
[0017] According to various embodimeius of the present invention, methods of 
manufacturing polymeric matrices are provided, which comprise: (a) providing a 
combination that comprises biocompatible polymer and therapeutic agent; and (b) 
forming a polymeric matrix from the combination. 

|0018] In some embodiments, forming the polymeric matrix comprises a 
thermoplastic process, such as an extrusion. process, in general, it is preferred for various 
processes of the present invention to be conducted under conditions such that substantial 
degradation of me therapeutic agent is avoided. For example, where thermoplastic 
techniques are utilized, it may be useful to process the matrix at a temperature that is (a) 
3 
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above the softening temperature of fee biocompatible poly - - i . ow the melting 
point of the therapeutic agent, and (c) sufficieofiy low to avoid substantial degradation of 
fee therapeutic agent. It is also desirable to control shear in many embodiments to avoid 
substantial degradation of th* h c • ji i c agent. 

|0019j As a specific example, an extruded matrix eomprisin < 1 1 i 1 
(EVA) copolymer, ketorolac tromethamke and bismuth subcatbonate can be formed 
under conditions of diminished temperature and shear, such thai the degradation level of 
the ketorolac tromethaniine < than 2%, 

[0020] In other embodiments of the invention, forming the polymeric matrix 
comprises a solution forming process, for example, a solution coating process. 
10021] One advantage of the present invention is that implantable or intertable 
medical devices can be provided, which are able to provide localized relief of pain and 
discomfort upon implantation or insertion. 

[0022] Another advantage of the present invention is that thermally sensitive 
ftiera ica i its cm be processed using thennopkst s which 

heretofore would have resulted in unacceptable degradation of therapeutic agent. 
[0023) These and other embodiments and advantages of the present invention will 
become immediately apparent to those of ordinary skill k the art upon review of the 
Detailed Description and Claims to follow. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] Fig. 1 is a simp! i< 1 1 m mutation of an annniar medical device 

for implantation or insertion into the body, according to an embodiment of the invention. 
[0025] Fig. 2 is a simplified schematic representation of an annular medical device 
for implantation or insertion into tire body, according to another embodiment of the 
invention. 

[0026] Fig. 3 is a simpl n ti presentation of an annular medical device 

for implantation or insertion into the body, according to yet another embodiment of the 
invention. 

[0027] Fig. 5 is a plot of estimated daily dose of ketorolac based on release as a 
function of time at 37°C in artificial urine, in accordance with an embodiment of the 
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[0028] Fig. 6 is a plot of estimated in vitro cemnlative koto s tele e based on 
release as a Amotion of time at 3?°C in artificial -urine, in accordance with m embodiment 
of the present invention. 

[0029] Fig. 7 is a plot of ketorolac concentration as a fimction of time at 37°C in 
artificial urine, in accordance with an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTIOM 

f0030] In one aspect, the present invention is directed to an implantable or inserttble 
medical device feat comprises (a) a btocompaiibie polymer and (b) a therapeutic agent 
selected from an anti-inflammatory agent, an analgesic agent, a local anesthetic, agent, 
and an antispasmodic agent. The medical device is of a type such feat symptoms of pain 
or discomfort are typically experienced by the patient (e.g., a mammalian subject such as 
a toman subject) after implantation or insertion, 

[0031 3 Another aspect of the invention is directed to fee use of such an. implantable 
or insertable medical device to bring about a reduction in discomfort or pain subsequent 
to implantation or insertion (in addition to other therapeutic benefits that the device is 
implanted/inserted to provide, for example, to facilitate drainage, etc.). In some 
embodiments, the medical device will also be used to resist microbial growth and/or 
biofilm formation. 

[0032] As a specific example, ureteral stents, for instance, ethylene-vinyl acetate 
(EVA) based ureteral stents, are widely used in nrology to facilitate drainage in the upper 
urinary tract (e.g., from the kidney to the bladder) following various procedures (e.g., 
ureteroscopy, endourerotomies, endopyelotomy for ureteral strictures, as well as in other 
instances where ureteral obstruction is encountered). However, as noted above, such 
stents are typically associated wife pain and discomfort after insertion. One way by 
which pain and discomfort are mimmized is to orally administer drugs to fee patient, 
winch drugs are typical^ opioid analgesia having the potential for abuse by patients. In 
addition, drags administered locally with fee intention of providing a site-specific effect 
require significantly lower doses than oral administration of the same drag for the same 
therapeutic purpose. The advantage of the lower doses in site-specific delivery is that 
often unwanted or even toxic side affects of systemic concentrations of fee same drag can 
be avoided, 

5 
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[0033} A different approach is taken m various embodiments of the invention, 
wherein die pain and discomfort associated with the presence of implantable or msertable 
medical devices is addressed locally, rafter than systemically. In these embodiments, a 
therapeutic agent selected from an antiinflammatory agent, an analgesic agent, an 
anesthetic agent, and an antispasmodic agent is disp< « , , v - leviccma 

such that i >g m ib released mto the patient upon implantation or 

insertion of the device. Medical devices having anej le< preferred 
in many cases. By "extended release profile" is meant a release profile by which a 
therapeutically effective amount of therapeutic agent continues to be released for up to 1 
day, 2 days, 4 days, 1 week, 2 weeks, 1 month, 2 months, 6 months, 1 year or even 2 
years, in some embodiments after imphtnlattoiv'msertion, 

10034] The medical devices for use m connection with the present invention may be 
selected from essentially any implantable or msertable medical device. Examples of 
implantable medical devices include stents, stent grafts, stent covers, catheters, venous 
access devices, vena cava filters, peritoneal access devices, rajectables/bulkiag agents, 
sutures, surgical meshes, enteral feeding devices used in percutaneous endoscopic 
gastronomy, prosthetic joints, and artificial ligaments and tendons. 
(0035] Catheters for the practice of the present invention include urinary and 
vascular catheters. 

[0036] Stents for the practice of the present invention include biliary, urethral, 
ureteral tracheal, coronary, gastrointestinal, and esophageal stents. The stents may be of 
any shape or configuration. The stents may comprise a hollow tubular structure, which is 
particularly useful in providing flow or drainage through ureteral or biliary lumens. 
Stents may also be coiled or patterned as a braided or woven open network of fibers or 
filaments or, for example, as an interconnecting open network of articulable segments. 
Thus, stents can have a continuous wall structure or discontinuous open network wall 
structure, 

[0037} Stent covers for the practice of the present invention may comprise a tubular 
or sheaft-like structure adapted to be placed over a stent, which can comprise, for 
example, an open mesh of knitted, woven or braided design. The stent can be made of 
any material useful for such purpose including metallic and non-metallic materials as well 
as shape memory materials. Among useful metallic materials include, but are not limited 
6 
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to, shape memory alloys such as rackel-tiiaitittm alloys and other metallic materials 
including bat not , - cobalt- 

ehr< nium fo tmpie, Nitino'© and Elgiloy®. 

10038] in many embodiments of the invention, a therapeutic agent of interest is 
released from a polymeric matrix. The team "polymeric matrix" refers to a region that: 
comprises a biocompatible polymer and at least one additive, for example, one or more 
therapeutic agents, one or roox radio-opacify ig 'gents, one or more pigments, and/or 
one or more antimicrobial agents, among other materials. The polymeric matrix can 
constitute the entirety of an implantable or insertable medical device, or it can correspond 
to only a portion or region of the medical device. 

[0039] 'Where only a single distinct polymeric matrix region is provided in the 
medical device, the polymeric matrix region will preferably contain the therapeutic agent 
as well as any optional additives, such as radio-opacifying agents, pigments, antimicrobial 
agents, piasticteers, lubricants, and so ibrth. in other embodiments, the medical device 
comprises two or more distinct polymeric matrix regions. Where two or more distinct 
polymeric matrix regions are present in the medical device, it is not necessary that the 
therapeutic agent and any optional additive(s) be present in a single polymeric matrix 
region For example, a therapeutic agent may be present in a first polymeric matrix 
region, and one or more optional additives may be present in a second polymeric matrix 
region distinct from the first polymeric matrix region. 

[0040] Without wishing to be bound by theory, it is believed that therapeutic agent is 
released from a non-biodegradable polymeric matrix region, at least in part, by a 
mechanism wherein the polymeric matrix imbibes or contacts physiological fluid. In 
such a polymeric matrix, the therapeutic agent may diffuse to some extent through the 
polymer matrix toward an external surface and/or the physiological fluid diffuses into the 
polymeric matrix. The therapeutic agent then dissolves in the physiological fluid. A 
concentration gradient is believed to be set up at or near the matrix region, and the 
therapeutic agent in solution is men released via diffusion into the surrounding 
physiological fluid and local tissues. Where tie pofymeric matrix is biodegradable, 
similar difmsion-dissolution-diffusion processes may also occur. In a biodegradable 
polymeric matrix, however, therapeutic agent may alsobe released as the biodegradable 
polymeric matrix containing the therapeutic agent hiodegrades upon contact with the 
7 
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physiological environmeirf where the device is impterited/inserted. Thus, in a 
biodegradable polymer, therapeutic agent may be released by dfesoltttkm/difTusional 
processes egra f the polym r^.ateix. 

[0041] hi general, the therapeutic agent for use in connection wife fee present 
invention can be any pharrnacetitically acceptable therapeutic agent. As used herein 
"rfearmaceutieally acceptable" means tiiat an agent that k approved or capable of being 
approved by the United States Food and Drag Administration or Department of 
Agriculture for use in. humans or animals wImsb incorporated in or on an implantable or 
mser&bte medical device. As noted above, preferred therapeutic agents include anti- 
infiammatory agents, analgesic agents, local anesthetic agents, antispasmodic agents, and 
combinations thereof. 

[0042] Anti-inflammatory agents include steroidal and non-steroidal anti- 
inflammatory agents. Examples of non-steroidal anti-inflammatory drags include 
arainoarylcarboxylk acid derivatives such as enfenamic acid, etofenamate, flufenamic 
acid, isonixm, meclofenamie acid, mefanaraic acid, niflumic acid, tamiflumate, 
terofenamate and tolfenamic acid; arylaeetic acid derivatives such as acernetacin, 
alclofeuac, amfenac, bufexamac, cinmetacin, clopirao, diclofenac sodium, etodclac, 
felbinae, fenciofenac, fenclorac, fenclozic acid, fentiazac, ghicaraetacba, ibufenae, 
mdomeibacm, isofezolac, isoxepac, lonazolac, metiazinic acid, oxametacine, 
proglometacin, sulindac, naramide. tolmetiaand zomepirae; arylbntyric acid derivatives 
such as bumadizon, bimbufen, fenbufen and xenbucin; arylcarboxylic acids such as 
clidanac, ketorolac and tinoridine; arylpropkmic acid derivatives such as almmoprofen, 
benoxapiofen, hucioxic acid, carprofen, feuoprofoi, fltmoxapiofen, flurbiprofen, 
ibnprofcn, ibuproxam, indoprofen, ketoprofcn, losoprofen, miroprofcn, naproxen, 
oxaprozm, piketoprofen, pirprofeo, pxanoprofen, protisinic acid, suprofsn and tiaprofemc 
acid; pyrazoles such as difeaamizole and epirizole; pyrazolones such as apazone, 
benzpiperylon, feprassone, raofebutazone, morazono, oxyphenhutazone, phenybuiazone, 
pipebuzone, propypbenazone, lamifenazone, suxihuzone and thiaKolinobutasone; 
salicylic acid and its derivatives such as acetammosabl, aspirin, benorylais, 
bromosaligemn, calcium acetylsalicylate, diflunisal, etersalate, fendosai gentisic acid, 
glycol salicylate, imidazole salicylate, lysine acetylsalicylate, mesalamine, morpboline 
salicylate, 1 -naphthyl salicylate, ofealazinc, parsalmide, phenyl acetylsalicylate, phenyl 
S 
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salicylate, sakcetamide, salicylamine o-acettc acid, salicylsulfuric acid, salsakte and 
sulfasalazine; thiazHiecarlxixamides such as droxicaat, isoxicam, piroxioam and 
ienoxleam; others such as - «c a oi me. 3-asr no-4~ 

hydroxybutyric acid, aroixetrine, bendazac, benzydamine, bucolome, difenpfeamide, 
ditasol, emurfazone, gaaiazukne, naburaetotc. nil 1 > >rgc a oxaceprol, 
paranylme, perisoxal, pifoxitoe, proqnazone, proxazole and tenidap; and pliarmaeentieally 
acceptable salts thereof 

f0043J Examples of steroidal auh-mSammatory agents (glucocorticoids) include 21- 
acetoxypre&eoolone, aalelometasone, algestone, amicmonide, hectometfaasone, 
betamethasone, budesonide, ehloroprednisone, clobetasol, clobotasone, ciocortolone, 
cloprednol, corticosterone, cortisone, cortrvazol, deftezacort, desonide, desoximetasone, 
dexamethasone, difforasone, diilucortolone, diflupreduate, eooxolone, fluaaaoort, 
fkcloronide, flumehtasone, fmnisolide, fluocinolone aeetonide, fluociaomde, flitocortin 
butyl, flaocortoloae, fiuorometiiolone, fluperokme acetate, fiuprednidene acetate, 
fiuprednisoione, rlurandrariolide, fluticasone propionate, forraocortal, halcinonide, 
halobetasol priopionate, halometasone, halopredone acetate, hydrocortamate, 
hydrocortisone, loteprednol etabonate, mazipredone, medrysone, moptedrasotie, 
meibyolprednisolone, mometasone furcate, parametbasone. predmearbate, prednisolone, 
prednisolone 25-diethylammoacefete, prednisone sodium phosphate, prednisone, 
prednival, prednylidene, rimexolone, tibcocortal, triamcinolone, triamcinolone aeetonide, 
triamcinolone benetorride, triamcinolone hexacctonide, and phaimaceutically acceptable 
salts thereof, 

[0044] Analgesic agents include narcotic and non-narcotic analgesics. Narcotic 
analgesic agents include alfentaml, allylprodrrse, alphaprodme. aiiileridrae, 
benzylmorphine, bezitramide, bupranorphine, butorphanol, cloniiazene, codeine, codeine 
methyl bromide, codeine phosphate, codeine sulfate, desomorphine, dextromoramide, 
dezocine, diamprornide, dihydix>codeine, dihydrocodeinone enol acetate, 
dihydromorphine, dtroenoxadol, dimepiieptanol, dimethyHhiambaiene. dioxaphety] 
baiytate, dipipanone, eptazocine, eifeoheptaane, ethylmethlythiambutene, ethylmorphine, 

r 1 yl drocodone, hydromorpbone. hydtoxypelhidine, isomethadone, 
ketobeiuidone, levorphanoL lofentaml, meperidine, meptazraoL metazocine, methadone 
hydrochloride, metopon, morphine, myropfaine, nalbuphine, narceine, nicomorphinc, 
9 
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norlevorphanol, normethadone, norraoiphine, norpipanone, opium, oxycodone, 
oxymorphone, papaveretom, pentazocine, phenadoxone, phenazocine, pheoperidine, 

i lod t s .1 > T t -I pro j azine, promedol, proper* i n aram. propoxyphene, 
ramifentanil, sufentanil, tilidine, and pbannaceutically acceptable sails thereof, 
[0045] Non-narcotic analgesics include aceclofenac, acetaminophen, acetaiinosalol, 
a< et ' a et; ! - ilicj balicylic acid, alclofeaac, alrainoprofen, aloxiprin, aluminum 
bis{acctylsalicylats), aminocWorthsnoxazin, 2~ammo~4-pieoline, aniinopropylon, 
ammopyrine, ammonium salicylate, arntolmetin guacil, antipyrine, antipyrine salicylate, 
antrafenine, spazoae, aspirin, benorylate, benoxaprofen, benzplperylon, beiaydamme, 
bermoprofen, brofenac, p-bromoaeetanilide. 5~broniosalicylic acid acetate, bueetin, 
bufexamac, bumadizon. bir.aeetin, calcium acetyisalicylate, carbamazeptas, carbipheae, 
carsalam, chloralantipyrine, chlorftenoxaxaXe), choline salicylate, cmchophea, 
ciramadol, clometacin, eropropamide, croteiharaide, dexoxadtoL difenamizole, difkmisal, 
dihydroxyaluminum acetyisalicylate, dipyroceiyl, dipymne, emorfezone, enfenaraic acid, 
epirizole, etersalate, ethenzamide, cthoxazenc, etodolac, felbinac, fenoprofen, 
iloctefenme, fiufenamic acid, fluoresone, flupirtine, fmproquazone, flurbiprofen, ibsfosal, 
genlisic acid, glafenine, ibufenac, imidazole salicylate, indometbacin, indoprofen, 
isofezolac, isoladol, isonixin, ketoprofen, ketorolac, p-lactophenetide, lefetamlne, 
loxoprofen, lysine aeeiylsalieylate, magnesium acetyisalicylate, inetbofrimeprazbe, 
meto&lme, miroprofen, moxazone, morpholine salicylate, naproxen, nefopam, 
rafenazone, 5' nifco-2' propoxyaeeianilide, parsalmide, perisoxal, phexacetin, 
phenazopyi idh * chloride, phenocoll, phenopyrazone, phenyl acetyisalicylate, 
phenyl salicylate, phenyramidol, pipebuzone, piperylone, prodilidine, propaeetamol, 
propyphenazone, proxazole, quinine salicylate, ramifenazotie, riraazolkm raetilsulfate, 
salacetamide, salicin, salicylamide, salicylamide o-acetic acid, salicylsulfbrio acid, 
salsaltc, salverine, simeiride, sodium salicylate, suliainipyitie, suprofen, talniflumate, 
tenoxiearn, terofenaraate, tetradi . uridine, tolfi mraie acid, tolpronine, tramadol, 
vixainol, xenbuein, zomepirae, andpbannaeeutically acceptable salts thereof 
Local anesthetic agents include amucaine, amolanone, anr, l< ii 

■ ' btpheaamine, bupivacaine, 
butacaine, butaben, batanilicaine, butethamine, butoxycaine, carttcaine, ehloroprocaine 
hydrochloride, coc ad aim, eye ometh^ carat, is 1 .it c chloride, 
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dimethisoqum, dimethocajne, diperadon hydrochloride, dyclonine, eegonidine, ecgoniae, 

t ic beta-eucame errproch comin< moeaine yleaine 
hydrochloride, hydroxy-tetracaine, isotolyip-asanohenKoate, leucinocafee mesylate, 
levoxadrol, lidocame, mepivacaine, meprylearae, merabuto>^eame, methyl chloride, 

» u paine octacaine orthi ume oxeths Am<. {. areiho? > c itnt ph na 
hydrochloride, phenol, piperocaine, piridccaine, polidocanol, pramoxine, prilooabe. 
procaine, propanocaiae, proparaeaine, propipocaine, propoxyeame hydrochloride, 
psendocacaine, pyrrocaine, ropavacaiae, salicyl alcohol, tetracaine hydrochloride, 
tolycaine, trirnecaine, zolamine. and phamiaceutically acceptable salts thereof. 
[004?] Antispasmodic agents include alibendol, ambucetainide, aminopromaxme, 
apoatropine, bevoniurn methyl sulfate, bietamiverine, beteverrae, butropiirm bromide, n~ 
btrrylscopolammomum bromide, caroverine, cimetropnun bromide, cmnamedrine, 
clebopride, coniine hydrobtxmude, conifee hydrochloride, eyclonium iodide, difemerrne, 
diisopromine, dioxapheiyl butyrate, diponium bromide, drofenme, enrepromum bromide, 
elhaverine, feclemine, fenalamide, fonoverke, fenpiprane, fenpiverinivmi bromide, 
fentonmm bromide, flavoxate, flopropione, gluconic acid, guaiactamine, hydrannirazine, 
hymearomone, leiopyrrole, meheverine, moxaverke, nafiverine, octamylaaaae, 
octaverine, oxybutyria chloride, pentapiperide, phenamacide hydrochloride, 
phloroglucinol, pinaverium bromide, piperilate, pipoxolan hydrochloride, praraiverin, 
prifmram bromide, properidme, propivane, prop>Tomazme, proline, racefemine, 
rociverine, spasmolytol, stilonium iodide, aultroponium, tiemomvrm iodide, tiquiziam 
bromide, tiropramide, trspibutone, tricromyl, trifoliirm, trimebutine, n^ltrimethyl-3,3- 
diphenyi-propylamine, tropenzile, trospivuu chloride, xenytropnim bromide, and 
pharmaceutical^- acceptable salts thereof: 

[0048 J Two particularly preferred therapeutic agents for the practice of the present 
invention are (a) ketorolac and pharmacsuticaHy acceptable salts thereof (e.g., the 
rromethamine salt thereof sold under the commercial name Toradol®) and (h) 4- 
dietbylammo-2~biitynylpheriylcyclohexylglycolate and pharmaceutieally acceptable salts 
thereof (e.g., 4-diethylaimao4-bulynylphenyicyclohexylglycolate hydrochloride, also 
teamm as oxybutynin chloride, sold under the commercial name Difropan®). 
{0M9} The amount of the therapeutic agent present in the polymeric matrix is an 
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amount effective to reduce the pain or discomfort associated with the medical device. 
Typically, the therapeutic agent is present in a polymeric matrix in a range from about 
0.1% to about 40% by weight of fee polymeric matrix (including 0.1%, 0.2%, 0.5%, 3 .%, 
2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 1 1%, 12%, 13%, 14%, 15%, 16%, 17%, 1 8%, 
19%, 20% 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%, 
34%, 35%, 36%, 37%, 38%, 39%, 40%, and ranges between any two of these points, for 
instance, 0,140%, 10-20% and 20-30%, etc.). Where the oxybutyran chloride ami 
ketorolac tromethamme are used, a range of 2-20% is typical, more typically 5-15%. 
[0050] The amount of therapeutic agent present in a polymeric matrix will depend 
upon, inter alia, me efficacy of the therapeutic agent employed, the length of time during 
which the medical device is to remain implanted, as well as the rate at which fee 
polymeric matrix or barrier layer releases the therapeutic agent in the environment of the 
implanted medical dexdee. Thus, a device that is intended to remain implanted for a 
longer period will generally require a higher percentage of the therapeutic agent 
- . i - • , polymeric matrix that provides faster rate of release of the therapeutic agent 
may require a higher percentage of the therapeutic agent. One skilled in the art can 
readily determine an appropriate therapeutic agent content to achieve the desired 
outcome. 

[0051] The medical device of the present invention may also contain optional 
additives, including radio-opacifjing agents, pigments, anh-rmcrobial agents, and other 
additives such as piasricizers and extrusion lubricants, within its structure, 
[0052] Urns, in some embodiments, the medical device further comprises a radio 
opacifying agent, while m others it does not. For example, the radio-opacifyrng agent 
may be present in any polymeric matrix region or may he uniformly distributed 
throughout the medical device. 

[0053] The radio-opac-ifymg agent facilitates viewing of the medical device during 
insertion of the de vice and at any point while the device is implanted. A radio-op; 
agent typically functions by scattering x-rays. The areas of the medical device feat scatter 
fee x-rays are detectable on a radiograph. Among radio-opaein n gents ust ful in fee 

> i he present inven e included a bismuth sal i mot! 

subcarbonate, bismuth oxychloride, bismuth trioxide, barium sulfate, tungsten, and 
mixtures thereof, with bismuth salts typically being pjefeired Where present, the radio- 
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opacifying agent is typically present in aa amount of from about 10% to about 40% 
(including 10%, 1 1%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 
23%, 24%, 25%, 26%, 27%, 28%, 29%, 30%, 31%, 32%, 33%, 34%, 35%, 36%, 37%, 
38%, 39% and 40%, as well as ranges between any two of these values, e.g., 10-15%, ! 5- 
20%, 20-25%, 25-30%, 30-35%, 35-40%, and so forth, wife 15-30% being more typical, 
even more typically 20-25%). One skilled in the art can readily determine an appropriate 
radio-opacifying agent content to achieve the desired visibility. 
{0054] Where bismuth subcarbonaie is used as a radio-opacifying agent, increasing 
the bismuth subcarbonate content can result in either a softer or a stiffer material, 
dependent upon base material to which the bismuth subcarbonate is added. 
(00553 la some embodiments of the present invention, the medical device further 
comprises an antimicrobial agent, while in others it does not. The term "antimicrobial 
agent" as used herein means a substance that kills and/or inhibits the proliferation and/or 
growth of microbes, particularly bacteria, fungi and yeast .Antimicrobial agents, 
therefore, include biocidal agents and Mostattc agents as well as agents feat possess both 
biocidal and b iostatic properties, hi the context of the present invention, the antimicrobial 
agent kills and/or inhibits fee proliferation and/or growth of microbes on and around the 
surfaces of an implanted medical device, and can therefore inhibit hiofilm formation in 
some cases, 

('0056] The antimicrobial agent can be any phaimaceutically acceptable antimicrobial 
agent. Preferred antimicrobial agents include friciosan, ctoorhexiaine, nitrorvnazone, 
benzalkonium chlorides, silver salts and antibiotics sach as rifampin, gentainyein and 
minocyclin and combinations thereof. The antimicrobial agent can be included in an 
amount ranging fj.orn 1-30 wt% (including 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 
11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 
26%, 27%, 28%, 29%, 30%, and ranges between any two of these points, for instance, 1 - 
5%, 5-10%, 10-15%, 15-20%, etc.). As a specific example, where triclosan is used as an 
antimicrobial agent, it is typically present in an amount ranging from 10-30%, more 
typically 5-15%. 

[00STJ Similar to fee therapeutic agent, fee amount of optional antimicrobial agent 
present in the structure will depend, inter alia, upon fee efficacy of fee agent employed, 
fee length of time during which fee medical device is intended to remain implanted, as 
13 
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- <. : s the rate of rel , he emdronment of the im j , c-c Thus, a 

device that is intended to remain implanted for a longer period will generally require a 
higher percentage of the antimicrobial agent. Similarly, a faster release of the 
antimicrobial agent may require a higher amount of the bioactive agent. One skilled in 

he ! t arc dily determine an appropriate antimicrobial agent content to achieve -the 
desired outcome. 

[0058] in fins connection, it is noted that certain of fee feerapentic agents listed 
above are useful in providing microbial resistance. For example, non-steroidal anti- 
inflammatory drugs (NSAIDs), for example, salicylic acid, its salts and its derivatives, 
have been described as microbial attachmeaVbiofilm synthesis inhibitors. A "microbial 
attachmentfoiofilm synthesis inhibitor" is a substance that inhibits the attachment of 
microbes onto a surface and/or the ability of such microbes to synthesis© or accumulate 
biofilm on a surface. Further information can be found in the above-incorporated U.S. 
Serial. No. 10/071,840. 

10059] In some embodiments, the medical device further comprises a pigment, while 
in others it does not. Pigments include any biocompatible and pharmaceutically 
acceptable colorant, regardless of type or color, including titanium dioxide, 
phthalocyanine organic pigments, quinaridone organic pigments, carbon black, iron 
oxides, and ultramarines. Where present, pigment is typically included in an amount 
ranging from 0.001 to 5%, more typically from 0.01 to 1%, 

[0060] The polymeric regions used in the implantable or insertable medical device of 
fee present invention may comprise any biocompatible polymer suitable for use in 
implantable or insertable medical devices. The biocompatible polymer may be 
substantially non-biodegradable or biodegradable. 

[0061] The term "biocompatible" as used herein describes a material that is 
not substantially toxic to fee human body, and feat does not significantly induce 
inflammation or other adverse response in body tissues. Bioco; t \ nms include 
essentially any polymer feat is approved or capable of being approved by fee United 
States Food and Drug Administration or Department of Agriculture for use in humans or 
animals when incorporated in or on an implaniable or insertable medical device. 
Substantially non-biodegradable biocompatible polymers include thermoplastic and 
elastomeric polymeric materials. Poiyoiefes such as polyefeylenes (e.g., metallocene 
14 
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catalyzed polye&ylen Ij p ipyienes. and polytmtylenes, polyolefin copolymers, e.g., 

ethylenic copolymers such as ethylene vinyl acetate (EVA) copolymers, ethylene- 

mers and ethylene-acrylic acid copolymers, where some of the 
acid groups can be neutralized with either zinc or sodium ions (commonly known as 
ionomers); vinyl aromatic polymers such as polystyrene; vinyl aromatic copolymers such 
as sfyrene-isobutylene copolymers and butadiene-styrene copolymers; polyacetals; 
chloropolymers such as polyvinyl chloride (PVC): fluoropolymers such ass 
polytetrafluoroethykMie (PTFE1; polyesters such as poiyethykmeierephthalate (PET); 
polyester-ethers; polyamides such as nylon 6 and nylon 6,6; polyethers; poiyatnide ethers 
such as polye ther block amides (PEBA); polyoctesamers; thermoplastic polyurethanes 
(TPU); elastomers such as elastomerie polyurethanes and polyurethane copolymers 
(including block and random copolymers that are polyether based, polyester based, 
polycarbonate based, aliphatic based, aromatic based and mixtures thereof; examples of 
commercially available polyurethane copolymers include Carfaothane®, Tecoftex®, 
Tecothane®, Teeophilic®, Tecoplasi®, Pdle&ane®, Chronothane® and Chronoflex®); 
silicones; polycarbonates; and mixtures and block, alternating, or random copolymers of 
any of the foregoing are non-limiting examples of non-biodegradable biocompatible 
polymers useful in the medical devices of the present invention. 
{0062] Among particularly preferred non-biodegradable polymers are polyether 
block amides (PEBA), polyoctenamers such as Vesfena 1 ^!>sa Corp., 

Parsippany, NJ , which is a mixture of cyclic and linear polyoctenamers, polyolefms, 
ethyleme copolymers including ethylene vinyl acetate copolymers (EVA) and copolymers 
of ethylene with acrylic acid or methacrylie acid; thermoplastic polyurethanes (TPU) and 
polyurethane copolymers; metallocene catalyzed polyethylene (rnPB), mPE copolymers, 
ionomers, and mixtures and copolymers thereof; and vinyl aromatic polymers and 
copolymers. Among preferred vinyl aromatic copolymers are included copolymers of 

iyisobi « >b styrene or polymethylstyrene, even more preferably 

polyst-yrene-po3yisobnt5''lene-polyst) e I - These polymers are 

described, for example, in U.S. Patent No. 5,741,331, U.S. Patent No. 4,946,89.9 and U.S. 
Pat Appln. No. 20020 1 07330, each of which is hereby incorporated by reference in its 
entirety. 

[0063] Ethylene vinyl acetate (EVA) is a particularly preferred non-biodegradable 
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biocompatible polymer. Examples include EVA polymers having a vinyl acetate content 
of from about 5% to about 40% {including 5% s 6%, 7%, 8%, 9%, 10%, 1 1%, 12%, 13%, 
14%, 15%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%,, 26%, 27%, 28%, 
29%, 30%, 31%, 32%, 33%, 34%, 35%, 35%, 36%, 37%, 38%, 39%, 40%, and including 
ranges between any two of these points, s,g„ 540%, 10-15%, 55-20%, 20-25%, 25-30%, 
and so forth, with 10-30% being typical). Increasing the. EVA content typically results m 
a softer material, while decreasing die EVA content typically produces a harder material. 
[0064] Among preferred biodegradable polymers are included polylactic acid, 
polyglycolic acid and copolymers and mixtures thereof such as poly(L~iaetide) (PLLA), 
poly(D,L-iaetide) (FLA); polyglycolic acid [polyglycolide (PGA)], poIy{L-lactide-co- 
D,L-ketide) (PLLA/PLA), poly{L-lactide-co-glywlide) (PIIA/PGA), poly(D, L-kcude- 
co-glycolide) (FLA/PGA), poly(glycolide-co-trimethylene carbonate) (PGA/PTMC), 
poly(T) J L4acMe-co-eaprolaetone)(PLA'1 > CI),poly(giycolid&-co-eaprolactone) 
(PGA/PCL); polyethylene oxide (PEO), polydioxanone (PBS), polypropylene fnmarate, 
i o ; ethyl glutaroats~«>glutamie. acid), poly(iert-bulyloxy-caTbonylmetl)yl glutaraate), 
poly(carbonate-ester)$, polycaprolactone (PCL), polycaprolaetone co-butykcrykte, 
polyhydwxybutyrate (PHBT) and copolymers of polyhydroxybutyrate, 
poly(phosphazene} ? polyphosphate ester), polyfamino acid) and poly(hydroxy butyrate), 
polydepsipepiides, maleic anhydride copolymers, polypbosphazenes, 
polyimmocarbonate > ) 5 d < >< tl 1 i > et en nate)-co-(2.5% 
trimethylene carbonate)], cyanoacrylate, polyethylene oxide, 
hydroxypropylmethyieellnlose, polysaccharides such as hyaluronic acid, chitosan and 
regenerate cellulose, and proteins such as gelatin and collagen, and mixtures and 
copolymers thereof, among others, 

[0065] Tire medical devices of the present invention may comprise a multilayer 
structure comprising two or more layers. For example, the medical devices can comprise 
one or more polymeric matrix regions as noted above. Furthermore, the med d devi - 
may comprise a combination of two or more types of biocompatible polymers to produce 
desired physical properties for the medical devices. The medical devices can also 
comprise one or more barrier regions as "well. 

10066} Multilayer structures of the present invention need not comprise a barrier 
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layer. For example, a medical device in accordance with the present invention may 
comprise a two-layer structure comprising a first polymeric matrix layer containing 
biocompatible polymer, therapeutic agent and radio-opadfying agent, and a second layer 
on an external surface of fee first polymeric matrix layer that provides lubricity. Such a 
labricious layer may be desirable, for example, to facilitate insertion, implantation and/or 
removal of the medical device. A simplified schematic representation of a device of this 
type is depicted in Fig. 1, in accordance with an embodiment of the present invention. 
Implantable or insertable medical device 100 comprises an annular polymeric matrix 
region 102, which further comprises a biocompatible polymer (eg., EVA), a therapeutic 
agent (e.g., ketorolac trometharrtine or oxybutynin chloride) and a radio-opacifyrag agent 
(e.g., bismuth sabcarbonate). The device 160 also comprises a iubricious layer 104 (e.g., 
a hydrogel layer) at least partially covering an exterior surface of the annular polymeric 
matrix region, 102. 

[0067] As another example, a medical device in accordance with the present 
invention may comprise a three-layer structure comprising a first layer comprising 
biocompatible polymer, radio-opacifying agent and therapeutic agent, a second layer on 
an external surface of the first layer mat acts as a barrier layer, and a third layer on an 
external surface of the second layer that provides lubricity. A simplified schematic 
representation of a device of mis type is depicted in Fig. 2 S in accordanc e with m 
embodiment of the present invention. Referring now to Fig. 2, implantable or insertable 
medical device 100 comprises an annular polymeric matrix region 102, which further 
comprises a biocompatible polymer (e,g. s EVA), a therapeutic agent (e.g., ketorolac 
tromefearnine or oxybutynin chloride) and a radio-opacifying agent (e.g., bismuth 
subcarbonate). The device 160 also comprises a polymeric barrier layer 106 (e.g., an 
EVA barrier layer) at least partially covering an exterior surface of the annular polymeric 
matrix region 102. The device 100 further comprises a mbricious layer 104 (e.g., a 
hydrogel layer) at least partially covering an exterior surface of the polymeric barrier 
layer 106. 

[006*83 As another example, a medical device in accordance with the present 
invention may comprise a three-layer structure comprising a first layer comprising 
biocompatible polymer and radio-opaciiying agent, a second layer on an external surface 
of the fust layer comprising biocompatible polymer and the therapeutic agent, and a third 
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layer oa an external surface of fee second layer that provides lubricity. A simplified 
schematic representation of a device of tins type is depleted in Fig, 3, m accordance with 
an embodiment of the present invention. Referring now to Fig, 3, implantable or 
insertabie medical device 100 comprises an annular radio-opaque region 108, which 
comprises a biocompatible polymei (e g . EVA) and a rad • p tc fy ng agent (e.g.. 
bismuth subcarbonais). Over the radio-opaque region 108 lies an annular polymeric 
matrix region 102, which further comprises a biocompatible polymer (e.g., EVA) and a 
therapeutic agent (e.g., ketorolac tromeihamtoe or oxybutynin chloride). The device 100 
also comprises a lubricious layer 104 (e.g., a hydrogei layer) at least partially covering an 
exterior surface of the annular polymeric matrix region 102. 
[0069] As another example, a medical device in accordance with the present 
invention may comprise a structure comprising (a) a first region comprising a first 
therapeutic agent and a first biocompatible polymer, and (b) a second region comprising a 
second therapeutic agent and a second biocompatible polymer. The regions may differ, 
for example, (a) because the first therapeutic agent differs from the second therapeutic 
agent, (b) because the first Incompatible polymer differs from the second biocompatible, 
or (c) because the first therapeutic agent differs from the second therapeutic agent and 
because the first biocompatible polymer differs from the second biocompatible polymer. 
A simplified schematic representation of a device of this type is depicted hi Fig. 4, in 
accordance with an embodiment of fee present invention. Referring now to Fig. 4, 
implantable or insertabie medical device .100 comprises a first annular polymeric matrix 
section 102a, which comprises a relatively soft matrix region, a therapeutic agent, and a 
radio-opacifying agent. The medical device 100 further comprises a second annular 
polymeric matrix, section 102b, which comprises a relatively hard matrix region, a 
therapeutic agent, and a radio-opacifying agent. A medical device of this type may be 
formed using a variety of extrusion techniques, including, for example, interrupted layer 
co-extrusion (ILC). See, for example, extrusion processes described in U.S. Pat No. 
5,622,665 and 6,508,805, which are hereby incorporated by reference. By virtue of the 
ILC process, the relatively soft (low diuometer) polymer section 102a will transition to 
fee relatively hard (high durometer) polymer section 102b. The transition between these 
regions is schematically illustrated by a dashed line in Fig. 4. 

[0070] It should be clear from the above mat myriad possibilities exist regarding the 
18 



WO 2OO4/01H155 



PCT7l;S2003/()24i31 



regio ta trq ^> the medical devices of the present invention, for example, fhe 
type of regions (e.g., matrix regions, barrier regions, lubrieious regions, etc,}, the number 
of these regions, fhe shape of feese regions, the distribution of these regions within the 
device, the composition of these regions, and so forth. As specific examples, (a) multiple 
regions (e.g., layers, sections, etc,) can be provided in one portion of the device, but not 
another, (b) different polymers can be provided in different regions of the device (e.g., 
different polymers in different layers along the radius of the device, or different polymers 
in different sections along the length of the stent), (c) different therapeutic agents can be 
provided k different regions of fee device (e.g., different therapeutic agents in different 
layers along the radius of the device, or different therapeutic agents in. different sections 
along the length of the stent), (d) different therapeutic agent concentrations can be 
provided in different regions of the device (e.g., different therapeutic agent concentrations 
in along fee radius of the device, or different therapeutic agent concentrations along the 
length of the stent), and so forth. 

f 0071 j Medical devices in accordance with the present invention having multiple 
layer structures may provide certain advantages relative to single layer devices. For 
example, a harrier layer can be provided to control the rate of release of therapeutic agent 
from an adjacent layer. It is understood, however, that the medical device of fee present 
invention is not limited to a multiple region structure and, indeed, a single region 
structure, for example, an annular tube comprising biocompatible polymer, therapeutic 
agent, and optional radio-opacifying agent is within the scope of the present invention. 
I0072J Tire relc i c ch tra< teristies of a particular therapeutic agent (or a particular 
optional antimicrobial agent) commonly depend on the ability of the therapeutic agent (or 
optional antimicrobial agent) to diffuse from a particular polymeric matrix. Polymer 
matrices of different compositions typically exhibit different release characteristic. In this 
connection, release ch i I aay be changed by changing, for example, (1) the 
amount and type < fl incompatible polymer, (2) fee amount and type of fbet ip ••oi v. < ni 
(or optional antimicrobial agent), and (3) the amount and type of any additional additives 
including radio-opacifying ag »i ugn its, and so forth, Some compositions may result 
in relatively fast release while others may result in a slower release profile. By 
appropriate selection of the materials comprising the polymeric matrix, as well as their 
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respective amounts, the release profile of the therapeutic agent (or optional antimicrobial 

agent) from the device may be optimized for a particular application. 

[0073] 

Hydrogds ate typically hydro ! > i vrtc materials that have the ability to absorb 
large amounts, up to many times the weight of the hvdr g< <t i 0 t ate orhei polar 
molecules. Hydrogels have been dis i . » mpiantable or msertable 
medical devices or as i i i si it ' g ( £ i< » e > Mm for example I S 

Patent Nos. 6,316,522; 6,261,630; 6,184,266; 6,176,849; 6,096,108; 6,060,534; 
5 4 > ! i ■• i 1 il i eh. is incorp orated i 

• t > ' ion or SciMed Life Systems. .Inc. B drogels can 

be based on synUistic or naturally occurring materials or a composite thereof; can be 
biodegradable or substantially non-biodegradable; and, can be modified or derivatized in 
numerous ways to render the hydrogel more suitable for a desired purpose. For example, 
a hydrogel can be modified by chemically cross-linking with, for example, a 
polyfenctional cross-linking agent that is reactive with functional groups covalently 
bonded to the polymer structure. A hydrogel can also be ioniealiy cross-linked with, for 
example, polyvalent metal ions. Hydrogeis can also be both chemically and ioniealiy 
cross-linked. Examples of hydrogel polymers include polyacrylst.es; poly(acrylic acids); 
poly(methacrylic acids); polyacrylamides; poly(N-aIkylacrylamides); polyalkylene 
oxides; polyethylene oxide): polypropylene) oxide; polyvinyl alcohol): polyvinyl 
aromatics: poly(vmyipyrroHdone); poly(e&yleneimine); polyethylene amine; 
polyacrylonitrile; polyvinyl sulfonic acid; polyamkles; poIy(L-lysine); hydrophilic 
polyureihanes maleic nib d d .lyraers; proteins coll gen cellulosi polymers 
methyl cellulose; carboxymethyl cellulose; dextran; carboxymethyl dextran; modified 
dextran; ah at< - ignite acid: pectinic acid; hyaluronic acid; ebitin; pullulan; gelatin: 
gellan; xanihan; carboxymethyl starch; ehondroitm sulfate; guar; starch; and copolymers, 
mixtures and derivatives thereof". Suitable hydrophilic coatings include polyacryiic acid 
polymers available, for example, from Boston Scientific Corp., Natick, Mass., under die 
trade designation HydroFlus™ and described in U.S. Pat No. 5,091 ,205, the disclosure of 
which is hereby incorporated herem by reference. Another suitable hydrogel is 
HydroPass™ also available from Boston Scientific Corp., Natick, Mass. 
[0074] Where used, barrier layers preferably comprise polymeric materials. Any of 
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the non-biodegradable and biodegradable polymers described hereinabove in relation to 
the polymeric matrix may also form, a barrier layer. Preferred barrier layer polymers 
include EVA, PEBA, TPU, polyoetenamers and mixtures thereof. 
[0075] A barrier layer and any underlying polymeric matrix region may comprise the 
same or different polymeric materials. Different polymeric materials will generally 
provide different rales of diffusion or release, of therapeutic agent. Thus, less permeable 
barrier layers may be provided to control the rate of release of a therapeutic agent from an 
underlying polymeric matrix region, which may be more permeable to diffusion of a 
therapeutic agent. For example, where an EVA copolymer is used as the polymeric 
matrix, another EVA copolymer having a higher vinyl acetate content may be useful to 
form the harrier layer. Higher vinyl acetate content EVA copolymers are useful as barrier 
layers due to their lower permeability- to certain therapeutic agents, and hence their ability 
to release therapeutic agent more slowly than lower vinyl acetate content copolymers. 
The relative rigidity or stiffness of such higher vinyl acetate content barrier layers may be 
offset somewhat by the use of lower vinyl acetate content in the underlying polymeric 
matrix region, by the addition of additives that may increase softness, such as bismuth 
subearbonate, to the underlying polymeric matrix region, and so forth. 
[0076] Further, where a barrier (or other) layer is provided any of the above 
supplemental additives, for example radio-opacrfymg agent, anti-miorobial agent, 
pigment etc. may be provided in a barrier or other layer, 

|007?| Thus, a medical device in accordance with the present invention, for example, 
can be constructed of single/multiple layers/regions, can have one or multiple polymeric 
matrix regions, can have none, one or multiple harrier regions, and can have none, one or 
more lubiieious regions, or other regions. Moreover, neither the polymeric matrix nor the 
barrier region nor the lubricous region need be annular as depicted in the Figures. 
[007$) In accordance with another aspect of the present invention, methods of 
manufacturing an implantable or msertable medical device are provided, which comprise: 
(a) providing one or more biocompatible polymers, one or more therapeutic agents and, 
optionally, one or more radio-opaeifyiag agents and/or ana-microbial agents; (h) forming 
at least a portion of the medical device by processing the one or more biocompatible 
polymers), therapeutic agents), and optional materials. 
[00793 & this connection, it is noted thatmany therapeutic agents, including 
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oxybutynra chloride and ketorolac teomethamine discussed above, are prone to subslautial 
degradation under conditions of elevated temperature and/ox mechanical shear. By 
"substantial degradation" is meant that more than 30% by weight of the therapeutic agent 
(based on the initial weight of die therapeatic agent) is degraded during processing. 
Accordingly, various embodiments of the present invention axe directed to processing 
conditions feat avoid substantial degradation of therapeutic agent. Preferably, less man 
7%, 5%, 3%, or 2% , and more preferably less than I % of any therapeutic agent is 
degraded during pn • ;es: mg in accordance with the present invention. 
{'0080] Various techniques are available for forming at least a portion of a medical 
de\ ice tt m the 1 if >c npatil pol) raer(s), therapeutic agertt(s), and optional mat,-- iais, 
irtcluding solution processing techniques and thermoplastic processing techniques, 
(8081] Where solution processing techniques are used, a solvent system is typically 
selected feat contains one or more solvent species. Tire solvent system is generally a 
good solvent for at least one component of interest, for example, biocompatible polymer 
and/or therapeutic agent The particular solvent species that make up the solvent system 
can also be selected based on other characteristics, including drying rate and surface 
tension. 

[0082j Preferred solution processing techniques include solvent casting techniques, 
spin coating techniques, web coating teclmiques, solvent spraying techniques, dipping 
techniques, techniques involving coating via mechanical suspension, including air 
suspensioa (e.g., fluidized coating), ink jet techniques and electrostatic techniques. 
Where appropriate, techniques such as those listed above can be repeated or combined to 
build up a release region to a desired thickness. 

[0083] In many embodiments, a solution containing solvent and biocompatible 
polymer is applied to a medical device substrate, or to another template such as a mold, to 
form a device or device portion of interest. In this way, polymeric regions, including 
barrier layers, lubricious layers, and so forth can be formed. If desired, the solution can 
further comprise, one or more of the following: therapeutic agents) and other optional 
additives such as radio-opacixying agents), pigments), antt-microbial agentfs), etc, in 
dissolved or dispersed form. This results in a polymeric matrix region containing these 
species after solvent removal. 

[0084| In emu. * dissolved <ji 
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dispersed therapeutic agent is applied to a pre-existing polymeric region, which can be 
formed using a variety of techniques including solution processing and tnenaopkstic 
processing techniques, whereupon fee therapeutic agent is imbibed into the polymeric 
region, 

[O0S5J Thermoplastic processing techniques for forming the devices or device 
portions of the present invention hiehtde molding techniques (for example, injection 
molding, rotational molding, and so forth), extrusion techniques (for example, extrusion, 
co-extrusion, multi-layer extrusion, multi-lumen extrusion, and so forth) and easting. 
[00861 Thermoplastic processing in accordance with the present invention typically 
comprises mixing or compounding, in one or more stages, the biocompatible polymers) 
and one or more of the following: therapeutic agent(s), radio-opacifying agent(s), 
pigments), anti-niicmbiai agent(s), and so form. The resulting mixture is then shaped 
into sa implantable or insertable medical device or a portion thereof, The mixing and 
shaping operations, as described more Mry below, may be performed using any of the 
conventional devices known in the art for such purposes. In me description, therapeutic 
agents), radio-opacifying agent(s), anti-rnicrobial agent(s), pigtnent(s), and so forth will, 
at times, be referred to as "additives" or "agents." 

[00871 During thermoplastic processing, there exists the potential for the therapeutic 
agentC's) to degrade, for example, due to elevated temperatures and/or mechanical shear 
that are associated with such processing. For example, oxybutynm chloride and ketorolac 
tromethamine, two feerapeudc agents that are particularly preferred for the practice of the 
present invention, are prone to substantial degradation under ordinary thermoplastic 
processing conditions. Hence, processing is preferably performed under modified 
conditions, which prevent fee substantial degradation of the therapeutic ageni{s). 
Although it is understood mat some degradation may be unavoidable during 
thermoplastic processing, degradation is generally limited to 10%. More typically 
degradation is held to less than 7%, 5%, 3%, 2% , orpreferably less than 1%. Among fee 
processing conditions that may be controlled during processing to avoid substantial 
degradation of the therapeutic agent(s) are temperature, applied shear rate, applied shear 
stress, residence time of the mixture containing the therapeutic agent, and the technique- 
by which fee polymeric materia! andiie fterapemic agent are mixed, 
[0OSS] Mixing or compounding biocompatible polymer wife therapeutic agent(s) and 
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any additional additives to form a substantially homogenous mixture thereof may be 
performed with any device known in fee art and conventionally used for mixing 
polymeric materials wife additives. 

[0089] Where thermoplastic materials are employed, a polymer melt may be formed 
by heating the biocompatible polymer, which can be mixed with various additives to form 
a mixture. A common way of doing so is to apply mechanical shear to a mixture of the 
biocompatible polymer^) and addiiive(s). Devices in which die biocompatible 
polymer(s) and addiiive(s) may be mixed in mis fashion include devices such as single 
screw extruders, twin screw extruders, bacbuty mixers, high-speed mixers, ross kettles, 
and so form. 

[0090] Any of the biocompatible polymer(s) and various additives may be premixed 
prior to a final thermoplastic mixing and shaping process, if desired (e.g., to prevent 
substantial degradation of the therapeutic agent among other reasons). 
[0091] For example, in a preferred embodiment, biocompatible polymer is 
preeompounded with radio-opaeifying agent under conditions of temperature and 
m echanical shear that would result in substantial degradation of fee therapeutic agent , if it 
were present, This pracompoutKled material is then mixed with therapeutic agent under 
conditions of lower temperature and mechanical shear, and fee resulting mixture is 
shaped into fee medical device or device component of interest. 
[0092] Conversely, in another embodiments, biocompatible polymer can be 
precorapoundsd with therapeutic agent under conditions of reduced temperature and 
mechanical shear. This precompounded material is then mixed with radio-opacifying 
agent, also under conditions of reduced, temperature and mechanical shear, and fee 
resulting mixture is shaped into the medical device or device component of interest 
[00931 It has been noted by fee inventors, that the presence of certain additives, for 
example, radio-opacifying agents such as bismuth subcarbonate, during thermoplastic 
processing results in substantially higher degradation of therapeutic agent than would 
otherwise occur under conditions of similar mechanics! shear and temperature in the 
absence of these additives. Without wishing to be bound by theory, it is believed that the 
presence of these additives, which remain m solid form under typical thermoplastic 
processing conditions, create localized regions of heightened shear and/or temperature, 
increasing therapeutic agent degradation However, when such additives are 
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precompeunded wife the biocompatible polymer prior to addition of the therapeutic 
agent or when therapeutic agent is propounded with the biocompatible polymer prior 
to addition of such additives, the level (^degradation can be substantially decreased. 
Once the therapeutic agent is added, further thermoplastic processing is typically 
conducted under temperature and mechanical shear conditions, which are as low as 
possible, 

(0094] The conditions used to achieve a mixture of the biocompatible polymer and 
additives will depend on a number of factors including, for example, the specific 
biocompatible porymer(s) and additive® used, as well as the type of mixing device used. 
[0095} As an example, different biocompatible polymers will typically soften to 
facilitate mixing at different temperatures. For instance, where a polymeric matrix region 
is formed comprising EVA polymer, aramo-opaciiying agent (e.g., bismuth 
subcarbonate), and a therapeutic agent prone to degradation by heat and/or mechanical 
shear (e.g., ketorolac tromefhamine and/or oxybutynin chloride), it is preferred to premix 
the EVA with the radio-opacifying agent at temperatures of about 170-180% which are 
common processing conditions for EVA polymer's. A twin, screw extruder is preferred for 
this purpose, but other apparatus can be used. The therapeutic agent is then combined 



conditions of temperature and mechanical shear that are substantially lower than is typical 
for EVA compositions. For example, where extruders am used; barrel temperature, 
volumetric output are typically controlled to limit the shear and therefore to prevent 
substantial degradation of the therapeutic agent(s). For instance, the therapeutic agent 
and preraixed composition can be raked/compounded using a twin screw extruder at 
substantially lower temperatures (e.g., 1QQ~I05°C), and using substantially reduced 
volumetric output (e.g., less than 30 % of Ml capacity, which generally corresponds to a 
volumetric output of less man 200 cc/min). It is noted that this processing temperature is 
well below the melting points of ketorolac tomemamme and oxybutyria chloride, 
because processing at or above these temperatures will result in substantial therapeutic 
agent degradation. It is further noted mat in certain embodiments, the processing 
temperature will be below the melting point of all bioactive compounds within the 
composition, including the therapeutic agent and any antibacterial agent that is present 
After compounding, the resulting product is shaped into the desired form, also under 
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conditions o f reduced temperature sod shear. For example, a single screw extruder can be 
used for this purpose, operated at substantially reduced temperatures (e.g., 1 05-1 ! 0 tt C) 
using substantially reduced volumetric output (e.g-, less than 40% of full capacity, which 
generally corresponds to a volumetric output of less than 100 ee/min). 
10096] It is noted that some combinations of biocompatible polymers 5 and 
additive(s} can be processed at teniperstures that are lower than otherwise might be 
expected. For example, 100-110°C is a relatively low temperature for processing an EVA 
copolymer, a radio-opacifyirig agent such as bismuth subcarhonate, arid a therapeutic 
agent such as ketorolac troiaematnine or oxybutynin chloride. However, by adding an. 
antimicrobial agent such as triclosam which melts at a temperature of around 55 °C, the 
trielosas can act as a plasticizer for the EVA., facilitating use of lower temperatures, for 
example, about SO °C to about 90 °C. 

[0097} in other embodiments, biodegradable polymer{s) and one or more additives 
are premked using non-thermoplastic techniques. For example, the biocompatible 
polymer can be dissolved in a solvent system containing one or more solvent species. 
Any desired agents (for example, radio-opacifying agent, therapeutic agent, or both radio- 
opacifying agent and therapeutic agent) can also be dissolved or dispersed in. the solvents 
system. Solvent is then removed from the resulting solution/dispersion, forming a solid 
material. The resulting solid material can then he granulated for further thermoplastic 
processing (for example, extrusion) if desired. 

10098] As another example, therapeutic agent can be dissolved or dispersed in a 
solvent system, which is then applied to a pre-existing polymeric region (the pre-existing 
polymeric region can be formed using a variety of techniques including solution and 
thermoplastic processing techniques, and it can comprise a variety of additives including 
radio-opacifying agent and/or pigment), whereupon the therapeutic agent is imbibed into 
the polymeric region. As above, the resulting solid material can then, be granulated for 
further processing, if desired 

[0099} Extrusion processes are a preferred group of thermoplastic processes for die 
practice of the present invention. For example, as indicated above, a medical device or 
device portion can be formed by extruding a single annular polymeric matrix containing 
biocompatible polymer(s) 5 therapeutic agent(s) audradio-opacifykg agent(s). 
[0100J Co-extrusion is a shaping process that can he used to produce a multi-region 
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sttoctee (tor example, & structure comprising one or more polymeric matrix regions, and 
one or more; barrier layers, each at least partially co vering a surface of a polymeric matrix 
region). Mulfi-regkm structures can also be foamed by other processing and shaping 
techniques such as co-injection or se t i j cl a i raolagj 
[0101} Where multiple regions are provided, various processes, including any of 
those discussed above, cm also be used in various combinations. For example, a barrier 
layer can be extruded onto a preformed polymeric matrix region using an extrusion 
coating process, This process is distinguished from a co-extrusion process in which the 
polymeric matrix and barrier layers are shaped substantially simultaneously. As another 
example, a barrier layer can be applied to a surface of a preformed polymeric matrix by 
applying a solution or dispersion of a barrier polymer onto a surface of a preformed 
polymeric matrix region followed by removing the solvent or liquid dispersing agent, e.g., 
by evaporation. Such a solution or dispersion of the barrier polymer may be applied by 
contacting a surface of the preformed polymeric matrix using any of the techniques 
discussed above, for example, dipping or spraying. Of course, the use of these additional 
shaping processes is not limited to the application of a barrier layer to a polymeric matrix 
region. For example, an additional polymeric matrix region or a mbricaous coating may 
also be formed by similar methods, among other regions. 

10102J In many embodiments of the present invention, including various extrusion 
embodiments, the product that emerges from fee thermoplastic processing device- (e.g., an 
annulus, or tube, feat emerges from an extruder) is cooled. Examples of cooling 
processes include air cooling and/or immersion in a cooling bath. In some preferred 
embodiments, a water bath is used to cool the extruded product. However, where a 
water-soluble therapeutic agent such as ketorolac trometbarome or oxybutynin chloride is 
used, fee immersion time should be held to a minimum to avoid unnecessary loss of 
therapeutic agent into fee bath, Immediate removal of water or moisture by use of 
ambient or warm air jets after exiting the bafe will also prevent re-crystallization of the 
drug on fee device surface, thus controlling or minimising a high drug dose dump upon 
implantation or insertion, 

[01031 Once a medical device is formed, it is typically packaged and sterilized. 
Implantable or msertable medical devices are commonly sterilized by exposure to 
ethylene oxide or to radiation. As in device formation, care should be taken during 
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device sterilization to avoid unnecessary degradation of the therapeutic agent and 
prolonged exposure to moisture. 

10104] For example, where the medical device contains ketorolac troniethandne, 
ethylene oxide sterih'zatioa has been found to be less desirable, because this process 
involves exposing the therapeutic agent to heat, moisture and reactive chemicals. On the 
other hand, it is also noted that radiation sterilization can lead to degradation of the 
therapeutic agent. However, degradation can nonetheless be held to acceptable levels, for 
example, (a) by using a relatively low energy radiation, for instance, electron beam 
radiation, and (b) by maummng exposure of the medical device to moisture, oxygen and 
light . ' 

{01053 In one preferred embodiment, the medical device is placed in a foil pouch, 
which is either evacuated or is provided with an inert atmosphere (e.g. ( an atmosphere of 
nitrogen and/or noble gases such as argon, etc), and the pouch is subsequently exposed to 
electron beam radiation. 

[0106] The invention will be further described with reference to the following nos- 
Hmiting Example , It wul be apparent to those skilled in the art that many changes can be 
made in the embodiments described in such Example, consistent with the foregoing 
description, without departing from the scope of the present invention. 

EXAMPLE 

|01 07] A single-layer matrix polymer structure is formed from a motions containing 
65.75 wt% and 52.75 wi% respectively of Bfvax® 460, an ethylene vinyl acetate 
copolymer having a IS wt% vinyl acetate content available from DuPoni, (b) 26 wt% of 
bismuth subcarbonate as a radic-opacifying agent, (c) 8 wt% and 21 wt%, respectively, of 
ketorolac tromethamme, available from Spectrum Chemicals & Laboratory Products, as a 
non-steroidal anti-inflammatory drug, and (d) 0.25% blue pigment 
[0108] The bismuth subcarbonate, EVA copolymer, and blue color are 
precotupounded at 350 o (177 o C), for example, in a Haafce twin screw extruder. 
[0109) Ketorolac Is then mixed with the pre-eornpounded resin, and the resulting 
mixture is compounded at 215°F (102°C) using a Haake twin screw extruder at a reduced 
shear rate (<30% of foil screw power). About 6-8 inches of the length of extruded rod 
(instead of 6-8 feet of extruded length, which is more typical) is guided through a chilled 
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water bath, followed by ail' drying. The total amount of degradation product m the 
compounded resin is less ten 0.3% (w/w, against the total amount of drag loaded). 
COXXOJ the compounded resin is men extruded into 6 Fx. tabes using a Davis 
Standard 3 " single screw extruder at 225 °F. Shear rate is controlled by keeping the 
screw rate under 16 rpm. 'Hie take-off rate b about 18 feetfmir. As above, the extruded 
tube is subjected to a brief water cooling step, followed by air cooling. The total amount 
of degradation caused by this extrusion step is less than or equal to 0.2%. 
[Olll] A flow througb model is used to simulate human body conditions to 
determine the release profile of ketorolac rrometbambe. 50 cm length tubular samples of 
the above, which contain 8% and 21% ketorolac tomefhamine, respectively, were loaded 
into the model. The following conditions were used: (a) release medium: artificial urine 
(normal pH -6.5), which contains the components listed in Table 1 below, fb) flow rate: 
0.50 mUmm, (c) temperature; 37*0, and (d) sample size: N«3. 
[0112) Fluid samples ate collected throughout the study and measured using HPLC 
to determine concentration of the therapeutic agent The results are illustrated in Figs. 5 S 
6 and 7, which present daily dose, cumulative release, and concentration, respectively, as 
a function of time. 
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1.94 
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3.33E-01 
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8 
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2.09B-02SO4 
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0.91 


0.09 


6.85E-03 P04 


L37E-02 
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130.0 


NajR"P04 


0.94 


0.09 


6.S3E-03 Cs 


L90B-03 
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CaClj*2H20 


0.27 


0.03 


1.90E-03 Mg 


461E-03 


4.6 


21.2 
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969.25 


96.79 


5.56E+01 K 


6.85E-03 


6.9 


26.7 
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What is claimed is: 

1 . An implantable or insertable medical device comprising: (a) a biocompatible poller; 
and (b) at least one therapeutic agent selected from an mti-infiainmatoty agent, an 
analgesic agent, an anesthetic agent, and an anri^asmodic agent, wherein said medical 
device is adapted for implantation or insertion at a site associated with pain or discomfort 
upon implantation or insertion. 

2. The implantable or intertable medical device of claim L wherein said medical device 
does not contain at) antimicrobial agent 

3. The implantable or intertable medical device of claim 1, further comprising a radio- 
opacifying agent. 

4. The implantable or insertable medical de vice of claim 1, wherein said medical device 
is a ureteral stent 

5. Use of an implantable or insertable medical device, said use comprising reducing pain 
or discomfort accompanying implantation or insertion of said implantable or insertable 
medical device, and said implantable or insertable medical device comprising (a) a 
biocompatible polymer; and (b) at lease one therapeutic agent selected from an anti- 
inflammatory agent, an analgesic agent, an anesthetic agent, and an antispasmodic agent, 
and a radio -opacifying agent. 

6. The use of claim 5, wherein the implantable or insertable medical device further 
comprises a radio -opacifying agent. 

7. The use of claim 5, wherein said medical device is a ureteral stent 

8. The use of claim 5, said use fcrfiwr coniprising reducing microbial buildup along the 
device wherein the device former comprises an antimicrobial agent. 
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9. An implantable or intertable medical device comprising: (a) a biocompatible polymer; 
and (fa) at least on* th« t ipeti i> s geai selected from (i) ketorolac and pbarmaceutically 
acceptable salts thereof and (ii) 4-diefey}amino~2-b»t; ■ c olate and 
phannacetitically acceptable salts thereof, wherein said medical device is adapted for 
implantation or insertion at a site that is associated wife pain or discomfort upon 
implantation or insertion. 

10. The implantable or msertable medical device of elaim9> wherein said therapeutic 
agent is ketorolac homethamme. 

11. Hie implantable or msertable medical device ofclaim9, wherein said therapeutic 
agent is oxybutynin chloride. 

12. The implantable or msertable medical device of claim 9, wherein the cumulative 
release of therapeutic agent is in an amount selected from 5%, 10%, 15%, 20% s 25%, 
30%, 40% s 50%, 60%, 70%, 80%, 90%, 95%, and 99%, relative to the total therapeutic 
agent in die device, after implantation or insertion at said site for a period selected from 1 
day, 2 days, 4 days, 1 week, 2 weeks, 1 month 2 months, 4 months, 1 year and 2 years. 

13. Hie implantable or msertable medical device of claim 9, wherein said medical device 
is a ureteral stent. 

14. The implantable or msertable medical device « d claim 9, * 'h« em said b oeompatible 
polymer is selected from or more ofpolyether block amides (PEBA), feermoplastic 
polyuretbanes (TPU), andpolyoctenamars. 

15. The implantable or msertable medical device of claim 9, wherein said biocompatible 
polymer is an ethylene-vinyl acetate (EVA) copolymer. 

16. The implantable or msertable medical device of claim 9, wherein said medical device 
comprises a polymeric matrix region eomprismg said biocompatible polymer and said 
therapeutic agent. 
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1 7, The implantable or msertable medical device of claim 9, forther comprising a radio- 
opacifying agent. 

i 8. The implantable or msertable medical device of claim 17, wherein said medical 
device comprises a polymeric matrix region comprising said biocompatible polymer, said 
therapeutic agent and said radio-opaeifymg agent 

19. The implantable or intertable medical device of claim 1 7, wherein said radio- 
opacifykg agent is bismuth subcarbonate. 

20. The implantable or insertable medical device of claim 1 8, wherein said medical 
device comprises (a) a first polymeric matrix region comprising a first biocompatible 
polymer and said therapeutic agent, and (b) a second polymer matrix region comprising a 
second biocompatible polymer and said radio-opacifying agent wherein said first and 
second biocompatible polymers may be the same or different 

21 . The implantable or msertable medical device of claim 18, wherein said matrix region 
comprises 5-20% therapeutic agent 

22. The implantable or msertable medical device of claim 18, wherein said therapeutic 
agent is ketorolac trometbamins. 

23. The implantable or insertable medical device of claim 18, wherein said therapeutic 
agent is oxybutyria chloride. 

24. The implantable or insertable medical device of claim 18, wherein said matrix region 
comprises 1 5-30% radio-opacifying agent 

25. The implantable or insertable medical device of claim 16, wherein said 
biocompatible polymer is a ihennoplasdc polymer, 
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26. Hie implantable or insertable medical device of claim 25, wherein said thermoplastic 
poller is an ethylene-vmyl acetate (EV A) copolymer, 

21. The implantable or msertabte medical device of claim 16, M said 
biocompatible poller is an elastomeric polymer. 

28. The implantable or insertable medical device of claim 1 6, further comprising a 
barrier layer. 

29. Hie implantable or insertable medical device of claim 9, further comprising an 
antimicrobial agent. 

30. The implantable or intertable medical device of claim 18, further comprising- an 
antimicrobial agent. 

3 L The implantable or insertable medical device of claim 1 8, further comprising a 
hydrogel. 

32. The implantable or insertable medical device of claim 18, wherein said matrix is an 
extruded matrix. 

33, The implantable or insertable medical device of claim 32, wherein the extruded 
matrix comprises ethyfene-vinyl acetate (EVA) copolymer, ketorolac tromefcamine and 
bismuth subcarbonate. 

34. The implantable or insertable medical device of claim 33, wherein the degradation 
le vel of the ketorolac oomemarmne is less than 2%. 

35, A method of manufacturing the implantable or insertable medical device of claim 16, 
comprising: 

providing a combination comprising said biocompatible polymer and said 
therapeutic agent; and 
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forming said polymeric matrix from said combination. 

36. Hie m< tl 35, wherein forming said polymeric matrix comprises a 

thermoplastic process. 

37 Th( m> « 1 1 36 wherein said thermoplastic process is an extrusion process. 

lit ( i rmoplastic process is conducted at a 

temperature that is (a) above the softening temperature of the biocompatible polymer, (b) 
below the melting point of the therapeutic agent, and (c) sufficiently low to avoid 
substantial degradation of said therapeutic agent 

39. The method of claim 38, wherein mechanical shear is further controlled io avoid said 
substantial degradation. 

40. The method of claim 35, wherein forming said pofymeric matrix comprises a solution 
forming process. 

41 . The method of claim 40, wherein said solution forming process is a solution coating 
process. 

42. The method of claim 35, wherein said combination further comprises aradio- 
opacifying agent, 

43. The method of claim 42, wherein forming said polymeric matrix comprises (a) 
forming an initial blend comprising said biocompatible polymer and said radio-opacity ing 
agent; (b) combining said initial blend and said therapeutic agent; and (e) foronng said 
polymeric matrix. 

44. The method of claim 43, wherein said initial blond is formed using a thermoplastic 
process. 
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45. The method of claim 43, wherein said initial blend is formed using an extrusion 
process. 

46. The method of claim 44, wherein said polymeric matrix is formed using a further 
thermoplastic process. 

47. The method of claim 46, wherein said further thermoplastic process is conducted 
under conditions such thai substantial degradation of said therapeutic agent is avoided. 

48. The method of claim 46, wherein said further thermoplastic process is conducted 
under conditions such that degradation of said therapeutic agent is less than 2%. 

49. The method of claim 43, wherein said initial Mend is formed using a solution process 
and wherein said polymeric matrix is formed using a thermoplastic process. 
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Cumulative Release of Ketorolac Loaded Tubes 
m 37*C Artificial Urine (N*3) 
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Concentration of Ketorolac (tigfmL) in 37°C Artificial Urine 
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